Summary.-Smoke condensate from two types of cigarette, dissolved in two solvents, has been applied regularly to the backs of mice at each of seven different dose levels. Treatment was continued 3 times weekly for up to 110 weeks, by which time 509 of the 1428 treated mice had developed skin tumours. The dependence of tumour incidence on age was adequately described by the Weibull distribution. The relationship between dose of smoke condensate and tumour incidence rate was, however, erratic. It was less regular than the simple relationship which has in previous work been found to obtain when the pure carcinogen benzo(a)pyrene is applied to mouse skin.
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MOUSE skin tumour production as a result of the application of tobacco smoke condensate or its fractions is used extensively as an experimental model in the study of tobacco smoke carcinogenesis. In a large scale mouse skin painting experiment, Day (1967) showed that after allowance was made for the toxic effects of the painted material, the tumour yield was approximately proportional to the logarithm of the weekly dose of cigarette smoke condensate applied. This conclusion was, however, based on results from the application of only three dose levels of each material. The main purpose of the work described in this paper was to study the dose response relationship in greater detail, and to compare this relationship with that obtained previously for benzo(a)pyrene (Lee and O'Neill, 1971) .
In many of the previous carcinogenicity experiments carried out at these laboratories (Day, 1967; Davies and Day, 1.969; Whitehead and Rothwell, 1969 ; Davies and Whitehead, 1970) , smoke condensate and fractions therefrom were dissolved in acetone/water 9: 1 v/v (AC/W). Recently, with further development of the chemical fractionation of tobacco smoke condensate, many materials are insoluble in AC/W and have been dissolved in isopropyl alcohol/acetone 4: 1 v/v (IPA/AC). A subsidiary purpose of the work described was to determine if there is any effect of the solvent on the mouse skin carcinogenicity of smoke condensate.
When tobacco smoke condensate is applied repetitively to the backs of mice not only does the carcinogenic insult increase as the amount of condensate is raised but there is also an increase in mortality due to local and systemic toxic effects to the animal until a percentage tumour yield is achieved which cannot be increased by applying larger amounts of condensate. If very large quantities are applied, moreover, the effective dose may be much less than the applied dose. The best dose levels to use in future assays of the carcinogenicity of cigarette smoke condensates are those at the upper end of the range in which the carcinogenic force is still strongly dependent on the applied dose, unless the toxic effects are so severe at this point that lower doses would actually yield higher percentages of tumour bearing animals. It was hoped that the present work would indicate the optimum practical dose range to apply in future assays.
MATERIALS AND METHODS
Cigarettes (A and B).-Cigarettes (length 70 mm, circumference 25 mm, average weight 1-1 g) were specially manufactured from two different blends of flue-cured tobacco, packed in batches of 50 in vacuum-sealed tins and stored at 4°C, before use.
Smoking procedures.-The cigarettes were smoked in the automatic smoking machine described by Day (1967) using the same smoking parameters.
Non-volatile whole smoke condensate (NV WSC) .-The cigarette smoke was eondensed in the same type of traps and treated in the same way as previously described by Davies and Day (1969 The criterion of malignancy adopted for tumours in the treated area was penetration of the muscle fibres of the panniculus carnosus and mice satisfying this criterion were said to have an infiltrating carcinoma. The week of infiltrating carcinoma was taken as the week of death of the animal.
Other details.-Procedures used for animal husbandry, skin shaving, the application of condensates, postmortem and histopathological examination of mouse skin were as previously described (Day, 1967; Davies and Day, 1969) .
RESULTS
The percentages of tumour bearing animals (TBA) and infiltrating carcinoma bearing animals (CBA) recorded at the end of the experiment are given in Tables  IA and IB (Day, 1967) or a Weibull distribution (Pike, 1966) . Peto, Lee and Paige (1972) give reasons for preferring a Weibull distribution so this has been used for the subsequent analysis.
In the notation of Pike, no tumours will arise during the first w weeks of treatment. After this minimum induction time, the incidence of tumours among the tumour-free survivors during week t of the treatment is given by: incidence rate at week t = bk(t -w)k-1 which is a particular case of the Weibull distribution. w and k are independent of the carcinogenic insult which is measured by the parameter b. Armitage and Doll (1954) give an interpretation of the physical meaning of these parameters.
In order to find how b is related to treatment, maximum likelihood estimates of a common w and k and a separate b for each treatment subgroup were computed, using the method described by Peto and Lee (1973) .* Tables Ila and Ilb give the values of the parameters fitted for each subgroup.
In order to test the aoodness of fit of these Weibull distributions to the data, the results for each subgroup were divided into 10 time periods. For each period the observed numbers of TBA and CBA were compared with the numbers expected using the fitted values of b, w and k given in Tables IA and IIB . Each treatment group was analysed in this way and then the numbers were summed together within each time period to give the results displayed in Tables IIIA   and IIIB . A x-squared statistic testing the overall goodness of fit for the 10 time periods is also given in these tables.
Inspection of the results from Tables  IIIA and IIIB suggests that the Weibull distribution fits the data adequately.
* Peto and Lee (1973) used data from this experiment as an example of this method and suggested that k should be a whole number. This recommendation has not been followed in the present paper as one aim of the work was to compare the form of the NVWSC dose/response relationship with the benzypyrene dose/response relationship reported by Lee and O'Neill (1971) To study the shape of the dose response curve a similar argument was again used, but this time the division of the 28 groups of animals is into 4 lots of 7. In each lot the same substance was applied in the same solvent but at 7 different dose levels, and an average of the shapes of the 4 doseresponse curves was obtained. (The statistical details of how this averaging was done, and of how the average effects of the cigarette and solvent differences were estimated, appear in Peto and Lee (1973) .) Fig. 3 and 4 present the dose-response relationships in graphical form for TBA and CBA respectively. The 4 separate dose response curves are given and so is their " average ". (The separate curves for CBA at the 3 lowest doses are omitted because they are based on so few infiltrating carcinomata that separately they are meaningless: the data for them may, however, be found in Table IIB.)  Tables IVA and IVB give for TBA and CBA respectively the " average " values of b for the 7 dose levels with their approximate standard errors. Lee and O'Neill (1971) showed for benzo(a)pyrene that b was proportional to dose2 over the dose range 6 ,ug to 48 ,ug per week. In the experiment described in this paper it had been hoped to see whether a similar relationship held for NVWSC. However for reasons to be considered in the Discussion it was clear that the 232 mg and 300 mg dose levels could not be included in any simple dose response relationship.
We therefore tested whether b could be taken as proportional to dosea by fitting this relationship to the first 5 dose levels only. The maximum likelihood values of a found were 2-23 for TBA and 3-28 for CBA. Values of a of 2 and 2'5 for TBA were not much worse fits to the data than the fitted value (X2 _ 2-87 and 4-11 respectively, each on 1 d.f.), but values of 1, 1-5 and 3 were clearly unacceptable (X2 -88.5, 30 3 and 31.6). Similarly for CBA values of a of 3 and 3-5 were reasonable fits (X2 -0-70 and 0.44) but 2 was not (X2 = 16.4) and 2-5 and 4 were doubtful (X2 -= ,58 and 4.4).
Although this shows that over the dose range 65 mg to 180 mg the relationship between relative incidence rate and dose for both TBA and CBA is far better approximated by a square or cube law than by a simple linear law, it was not possible to show that the best fitting laws of this form fitted the data completely adequately. Tables VIA and VIB give, respectively, the numbers of TBA and CBA expected under this best fitting law, for comparison with those observed. Although the fit was made to the lowest 5 dose levels it has been extrapolated to 232 mg and 300 mg to demonstrate the falling off in response at these levels.
From these tables it can be seen that the response at 65 mg was higher than expected and the rise between 84 mg and 180 mg somewhat steeper than expected.
The dose response can thus be summarized by three characteristics: (a) A slight drop in response between 65 and 84 mg. 
DISCUSSION
The results have shown that the incidence rate of tumours can be taken to be proportional to (time -W)k-1 and that the effect of using different cigarettes or different solvent is approximately to multiply the incidence rate at any dose level by a suitable factor. Lee and O'Neill (1971) showed a simple relationship between incidence rate and dose for benzo(a)pyrene and these authors, assuming that a similar relationship applied to tobacco smoke condensate stated that. from experience in Harrogate in 7 experiments in which this material was painted at different dose levels, over the dose range tested the incidence rate was proportional to (dose)1'5.
These experiments were usually carried out at only 3 dose levels and it is now apparent that these conditions were not critical enough to detect the non-linearity of this dose response relationship.
If incidence rate were proportional to a power of dose then log incidence rate would be directly proportional to log dose. In the present experiments this relationship holds approximately over the dose range 84 to 180 mg but there is a clear flattening off above 180 mg/week. There is also evidence of a discrepancy at the lower end of the curve, the rates observed at 65 mg being higher than at 84 mg whereas they would be expected to Loe and O'Neill (1971) and they hold approximately in this experiment for the lowest 5 dose levels. The mathematical model used enables the differences between the condensates and between the solvents used to be expressed as a ratio of incidence rates. A more useful index of difference of activity in experimental tobacco smoke carcinogenicity studies, however, can be the ratio of doses required to produce the same incidence rates. This is particularly true in determining the efficiency of procedures aimed at the concentration of carcinogens of smoke condensate into fractions. A ratio of this type can only be validly determined if a linear relationship exists between response and the logarithm of dose applied.
In this experiment this is approximately true for the first 5 dose levels and useful values were obtained by computing an average ratio over this dose range. When dissolved in either solvent, condensate from cigarette A required on average 1-18 (95% confidence limits 1.06-1.32) times more material to produce the same TBA response than did condensate from cigarette B, dissolved in the same solvent. The ratio was 1-30 (limits 1-10-1-61) to produce the same CBA response.
Either condensate dissolved in AC/W required 1-21 (limits 1.08-1.36) times more material for the same TBA response than when dissolved in IPA/AC and 1-26 (limits 1-07-1-54) times more material for the same CBA response. The difference in activity as a result of the use of different solvents suggests either more rapid penetration of carcinogen or larger amounts of carcinogen reaching the target cells. Experiments using radioactive materials are in progress to examine these alternatives. The present work demonstrates the need to use the same solvent for the preparation of all solutions of test materials (condensate and fractions) in comparative mouse skin painting experiments.
One object of the experiment was to discover the optimal dose range for future comparative testing of smoke condensates assumed to be of similar toxicity. The results indicate that a reasonable experimental design should span the range 90-180 mg per week.
